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Sixteen fonio millet and 17 sesame samples were analysed for incidence of moulds, especially aflatoxigenic Aspergillus 
species, in order to determine the safety of both crops to consumers, and to correlate aflatoxin levels in the crops with levels 
produced by toxigenic isolates on laboratory medium. Diverse moulds including Alternaria, Aspergillus, Cercospora, 
Fusarium, Mucor, Penicillium, Rhizopus and Trichoderma were isolated. Aspergillus was predominantly present in both 
crops (46^18%), and amongst the potentially aflatoxigenic Aspergillus species, A. flavus recorded the highest incidence 
(68% in fonio millet; 86% in sesame kernels). All A. parvisclerotigenus isolates produced B and G aflatoxins in culture 
while B aflatoxins were produced by only 39% and 20% of A. flavus strains isolated from the fonio millet and sesame 
kernels, respectively. Aflatoxin concentrations in fonio millet correlated inversely (r = -0.55; p = 0.02) with aflatoxin levels 
produced by toxigenic isolates on laboratory medium, but no correlation was observed in the case of the sesame samples. 
Both crops, especially sesame, may not be suitable substrates for aflatoxin biosynthesis. This is the first report on 
A. parvisclerotigenus in sesame. 
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Introduction 

Pre- and post-harvest contamination of crops by toxigenic 
fungi (e.g. species of Aspergillus) pose a threat to food 
safety due to liberation of toxic secondary metabolites 
(e.g. aflatoxins). Aflatoxins are the most important group 
of mycotoxins due to the severe health risks associated 
with their exposures in animals and humans (Bankole 
et al. 2006). The concern for food safety due to aflatoxin 
contamination by toxigenic Aspergillus is more pro- 
nounced in Sub-Saharan Africa, as compared to the tem- 
perate regions, where important food staples such as maize 
and groundnut are regarded as prone to aflatoxin contam- 
ination (Bankole and Adebanjo 2003; Bankole et al. 
2006). Reasons for this include the hot and humid tropical 
climate which provides the toxigenic species with favour- 
able conditions for growth. Consequently, researchers are 
investigating other cereal and oil-seed crops that may be 
less susceptible to aflatoxin contamination. Food crops 
such as fonio millet and sesame, which are not as widely 



*Corresponding author. Email: chaugez@gmail.com 



consumed, have the potential to serve as safer food crops. 
Even though Aspergillus flavus has been reported to be the 
major post-harvest colonizer of both crops, it has been 
reported that these crops usually have very low or no 
aflatoxin levels present (Gbodi et al. 1986; Mbah and 
Akueshi 2000, 2009; Makun et al. 2007; Amadi and 
Adeniyi 2009; Asadi et al. 2011; Diedhiou et al. 2011; 
Ezekiel et al. 2012). 

Fonio millet, Digitaria exilis (Kippist) Stapf, which is 
known as "acha" in Nigeria, is among the oldest of West 
African cereals and one of the four millets grown in the 
savannahs of Africa (Cruz 2004). However, fonio millet is 
regarded as a neglected cereal and constitutes less than 
0.1% and 0.25% of staple foods and total grains produced 
in Nigeria, respectively (FAOSTAT 2012). More than 95% 
of northerners in Nigeria and neighbouring countries con- 
sume fonio millet as a staple in the form of porridges, and 
also as beverages like "kuunu." This is possibly due to its 
high amino acid and mineral contents, and low glycaemic 
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index, which makes it a good substitute for other cereal- 
based diets and a suitable food for diabetics (Nzelibe et al. 
2000; Belton and Taylor 2002; O'Kennedy et al. 2006). 

Sesame (Benniseed; Sesame indicum L.) is an oil seed 
grown in the savannah zones of Nigeria and in many other 
parts of the world (Alegbejo et al. 2003), whose oil is 
often preferred to the commonly available groundnut oil 
due to its better flavour-enhancing property, while the 
seeds are utilized as spices and livestock feed. Sesame is 
also a major cash crop exported from Nigeria to countries 
like Japan and Turkey (Chemonics 2002). 

As a follow-up to a previous study in which 55 multi- 
microbial metabolites were detected in fonio millet and 
sesame samples (Ezekiel et al. 2012), this study was 
designed to provide reliable data on the mycobiota asso- 
ciated with both crops. Both foodsmffs were obtained 
from farmers' stores and assessed for the presence of 
fungi, especially the aflatoxigenic Aspergillus species. In 
this study, the in vivo production levels of aflatoxin were 
compared to those produced in vitro by sampled 
Aspergillus isolates in order to determine the suitability 
of each crop to serve as a substrate for aflatoxin 
contamination. 



Materials and methods 

Samples 

Sampling and treatments were done according to Ezekiel 
et al. (2012). Sixteen fonio millet and 17 sesame samples 
were collected from fanners' stores in Plateau State, 
Nigeria between April and May 2011. Only samples pro- 
cessed and stored for less than 30 days after harvest were 
collected. Each bulk sample (1.8-2 kg) was quartered and 
about 120 g of representative sample was obtained by 
randomly selecting a quarter. Representative samples 
were ground in a Waring blender, stored at 4°C and 
analysed within 24 hours. 



Isolation of fungi from fonio millet and sesame kernels 

Moulds occurring in the milled fonio millet and sesame 
samples were isolated by the dilution plating technique 
described by Samson et al. (1995). Briefly, 10 g of each 
sample was suspended in 90 ml of sterile distilled water 
and homogenized for 2 min. A 0. 1 ml aliquot was spread- 
plated in triplicate on a set of four semi-selective mycolo- 
gical media: peptone pentachloronitrobenzene agar (PPA) 
(Nash and Snyder 1962); modified rose bengal agar 
(mRBA) (Cotty 1994); dichloran rose bengal chloramphe- 
nicol agar (DRBC) (Pitt and Hocking 2009); and one- 
quarter strength potato dextrose agar (PDA), 9.75 g/1 
PDB (Difco) and 20 g/1 bacto agar] supplemented with 
0.002% lactic acid. All plates of mRBA were incubated 
for 3 days at 31°C while DRBC, PDA and PPA plates 



were incubated at 25°C for 5-7 days. Colonies of 
Aspergillus, Fusarium, Penicillium and Talaromyces 
were counted on mRBA, PPA and DRBC plates, respec- 
tively, while all moulds including Alternaria, Cercospora 
and the Mucorales were counted on PDA plates. Mould 
load per sample was derived from plate counts and 
expressed as a logarithm of colony-forming units per 
gram of sample (Logi 0 CFU/g). 

Fungal identification 

Colonies of Aspergillus were transferred to 5/2 agar (5% 
V-8 juice and 2% agar, pH 5.2) and malt extract agar 
(MEA), while Penicillium and Talaromyces were trans- 
ferred to water agar (2% agar in distilled water). 
Colonies belonging to Fusarium, Alternaria, Cercospora 
and the Mucorales were purified on full-strength PDA. For 
section Flavi, 20 isolates were transferred to 5/2 agar from 
triplicate mRBA plates belonging to each sample. 

All isolates were subjected to morphological identifi- 
cation by assessing macroscopic and microscopic charac- 
ters in line with appropriate keys. Isolates belonging to 
Aspergillus section Flavi were identified to species level 
(Cotty and Cardwell 1999; Klich 2002; Frisvad et al. 
2005; Ehrlich et al. 2007), while all other fungi (including 
other Aspergillus isolates) were identified to the genus 
level (Samson et al. 1995; Frisvad and Samson 2004; 
Leslie and Summerell 2006; Pitt and Hocking 2009; 
Samson et al. 2010, 2011). 

Characterization of Aspergillus section Flavi 

A combination of phenotypic character assessment and 
aflatoxin production was used for the identification of 
Aspergillus section Flavi isolates obtained from both 
crops. Assessment of aflatoxin production was performed 
on neutral red desiccated coconut agar (NRDCA) as 
described in Ezekiel et al. (2013b). Isolates were identified 
as A. flavus if they met the following conditions: smooth 
surface conidia (magnification x400), production of large 
sclerotia (>400 um diameter) or no sclerotia on 5/2 agar, 
and production of B anatoxins or were atoxigenic on 
NRDCA. Aspergillus tamarii was identified as brown to 
yellow-brown colonies of atoxigenic isolates, which pro- 
duced rough conidia (magnification x400) on 5/2 agar. All 
identified isolates were stored at 4°C as 5/2 agar plugs in 
sterile water. Isolates with numerous small sclerotia 
(400 um average diameter) on 5/2 agar, and that produced 
B and G anatoxins on NRDCA, were tentatively identified 
as A. parvisclerotigenus. 

A molecular confirmation of the phenotype-based 
(morphological and biochemical) identifications was per- 
formed using six representative isolates of A. pai'viscler- 
otigenus. The total genomic DNA of the isolates was 
extracted, and a part of the calmodulin and (3-tubulin 
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genes were subsequently amplified and sequenced accord- 
ing to the methods previously established by Houbraken 
et al. (2011, 2012). The obtained sequences were queried 
in the NCBI sequence database and internal databases of 
the CBS-KNAW Fungal Biodiversity Centre for confirma- 
tion of species identity. The A. parvisclerotigenus isolates 
were incorporated in the CBS culture collection under 
accession numbers CBS135404-CBS135406 and 
CBS135587-CBS135589. Sequences were deposited in 
the NCBI nucleotide sequence database under accession 
numbers KF543328-KF543339. 

Aflatoxigenicity assay of Aspergillus section Flavi 
isolates 

Each identified isolate belonging to the section Flavi was 
tested for in vitro aflatoxin production on NRDCA as 
mentioned above. After incubating the NRDCA plates 
for 5 days at 31°C, aflatoxin production was determined 
qualitatively and quantitatively using the thin-layer chro- 
matography method outlined in Atanda et al. (2011). 

Aflatoxin determination in fonio millet and sesame 
kernels 

All milled samples of fonio millet and sesame were ana- 
lysed for multi-microbial metabolites, including aflatoxins, 
using a simple liquid chromatography tandem mass spec- 
trometric method as reported in a previous paper (Ezekiel 
et al. 2012). The aflatoxin concentration data obtained for 
both crops from the multi-microbial metabolite screening 
paper were considered in the present study. 

Data analysis 

Data obtained from this study were analysed using SPSS® 
15.0 (Windows version, SPSS, IL, USA). Mould loads in 
the samples were calculated as logioCFU/g. The means of 
values obtained for the distribution of Aspergillus section 
Flavi species, and proportion of toxigenic to atoxigenic 
(tox:atox) A. flavus strains, were tested for significance at 
95% confidence level using one-way ANOVA. The 
Duncan's Multiple Range Test (DMRT) was used to 



separate the means. Correlation analysis was performed 
to determine the relationship between the following: (1) 
proportion of tox and atox isolates and aflatoxin concen- 
tration in both crops, and (2) concentrations of aflatoxin 
produced by toxigenic isolates in vitro and aflatoxin levels 
in both crops. 

Results and discussion 

Occurrence of fungi in fonio millet and sesame kernels 

All samples of fonio millet (« = 16) and 15 out of 17 
(88.7%) sesame samples showed the presence of fungal 
propagules (Table 1). Diverse moulds including species of 
Alternaria, Aspergillus, Fusarium and Penicillium were 
isolated from both crops at varying proportions (Table 
1). In addition, Cercospora spp. was found only in sesame 
while species of Mucorales (Mucor and Rhizopus), 
Talaromyces and Trichoderma were isolated from both 
fonio millet and sesame, and was regarded as "Others" 
in Table 1. Fungal occurrence data from both crops 
showed that Aspergillus spp. dominated (46-48%) fol- 
lowed by Fusarium spp. (30^-2%). Penicillium spp. 
(11.5%) followed in fonio millet while the occurrence of 
Cercospora spp. (5.0%) was much less than that of 
Fusarium spp. (41.6%) in sesame (Table 1). Overall, 
mould load was significantly higher in fonio millet 
(range = 2.30^1.88, mean = 4.12 ± 0.64 log 10 CFU/g) 
than in sesame (range = 2.48-3.98, mean = 2.97 ± 1.09 
logioCFU/g). The diverse fungal species isolated from the 
fonio millet and sesame samples were previously reported 
in finger millet from Nigeria (Makun et al. 2007) and 
sesame from Sierra Leone and Sudan (Jonsyn 1988; 
Khamees and Schlosser 1990). Only Aspergillus, 
Fusarium and Penicillium species were previously 
reported to invade and colonize post-harvest sesame in 
Nigeria (Gbodi et al. 1986; Mbah and Akueshi 2000). 
This article is the first report on the occurrence of 
Alternaria and Cercospora spp. in sesame from farmers' 
stores in Nigeria. 

Incidence of species within Aspergillus section Flavi 

The contamination level and occurrence of species within 
section Flavi are presented in Table 2. Sesame kernels 



Table 1 . Mould load and occurrence of fungal genera in fonio millet and sesame from Plateau State, Nigeria. 



Mould load (Log 10 CFU/g) Percentage occurrence of fungal genera in fonio millet and sesame seeds 



Crop Nc 1 (%) Range Mean 2 ± SD Alternaria Aspergillus Cercospora Fusarium Penicillium Others 



Fonio 16/16 (100.0) 2.30^.88 4.12 ± 0.64a 8.0 46.0 0.0 30.2 11.5 4.3 

millet 

Sesame 15/17 (88.7) 2.48-3.98 2.97 ± 1.09b 0.7 48.1 5.0 41.6 1.5 3.1 



Notes: 'Number of contaminated samples. 

2 Means with different alphabets in a column are significantly different (p < 0.05). 
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Table 2. Incidence of Aspergillus section Flavi species in fonio millet and sesame seeds from Plateau State, Nigeria. 







Load 2 (Loj 


;ioCFU/g) 




Occurrence 5 (%) of species in crops 


Crop 


Nc 1 (%) 


Range 


Mean 3 ± SD 


N 4 


A. flavus A. parvisclerotigenus A. tamarii 


Fonio millet 
Sesame 


8/16 (50.0) 
11/17 (64.7) 


1.70-2.90 
2.00-3.08 


2.41 ± 0.44 
2.53 ± 0.44 


160 
220 


138a (86.3) 0b (0.0) 22b (13.7) 
150a (68.2) 30b (13.6) 40b (18.2) 



Notes: 'Number of contaminated samples. 
2 Load of Aspergillus section Flavi in the samples. 

3 No statistical difference (p > 0.05) was obtained for mean load of the section Flavi in both crops. 

4 Number of Aspergillus section Flavi isolates obtained from the contaminated samples. 

5 Mean occurrence of species with different alphabets in a row are significantly different (p < 0.05). 



(range = 2.0-3.1, mean = 2.53 ± 0.44 logi 0 CFU/g) had a 
higher but statistically insignificant load of section Flavi 
species than fonio millet (range = 1.7-2.9, mean = 2.41 ± 
0.44 log 10 CFU/g). For 8 out of 1 6 fonio millet samples, 1 60 
isolates representing Aspergillus section Flavi were col- 
lected while 220 isolates were recovered from 11 out of 
the 17 sesame samples. The section Flavi isolates found in 
this study included three species: Aspergillus flavus, A. 
tamarii and A. parvisclerotigenus. Among these species, 
A. flavus (68-86% incidence) predominated in both crops 
followed by A. tamarii (14-18% incidence). A. parviscler- 
otigenus was isolated from only sesame (inci- 
dence = 13.6%). Previous studies have shown that section 
Flavi members are common colonizers of all types of millet 
and sesame during post-harvest storage (Jonsyn 1988; 
Khamees and Schlosser 1990; Mbah and Akueshi 2000, 
2009; Makun et al. 2007; Amadi and Adeniyi 2009; 
Diedhiou et al. 2011); however, this is the first report of 
A. parvisclerotigenus in sesame. No incidence of A. para- 
siticus was found in either fonio millet or sesame, which 
supports previous reports for sesame, but fails to support 
the findings of Makun et al. (2007) who reported finding 
A. parasiticus in finger millet from Niger State, Nigeria. 



In vivo and in vitro aflatoxigenicity of Aspergillus 

isolates 

None of the A. tamarii isolates (n = 62) obtained from the 
fonio millet and sesame samples produced aflatoxins. 
Conversely, all 30 isolates of A. parvisclerotigenus 
obtained from sesame kernels were aflatoxigenic, produ- 
cing both B and G aflatoxins. In total, 138 and 150 A. flavus 
isolates were obtained from fonio millet and sesame ker- 
nels, respectively. For fonio millet, 39.1% of the isolates, 
and 20.0% of isolates from sesame kernels, produced B 
aflatoxins on NRDCA (Table 3). In both crops, the inci- 
dence of atoxigenic A. flavus isolates was significantly 
higher than that of toxigenic isolates (Table 3). Similarly, 
when all Aspergillus section Flavi isolates (A. flavus, A. 
parvisclerotigenus and A. tamarii) are considered, 27.3% 
and 33.8% of the isolates from sesame and fonio millet 



Table 3. Proportion (%) of toxigenic to atoxigenic A. flavus in 
fonio millet and sesame seeds from Plateau State, Nigeria. 





Mean proportions by crop 1 






Fonio millet 


Sesame 


Atoxigenic 


60.9a 


80.0a 


Toxigenic 


39.1b 


20.0b 



Note: 'Means with different alphabets in a column are significantly 
different (p < 0.05). 



kernels, respectively, were toxigenic strains (data not 
shown). This indicates a higher proportion of atox:tox 
strains for the entire section Flavi community in both 
crops. A similar trend was reported for sesame in Senegal 
(Diedhiou et al. 20 1 1). It may be appropriate to suggest that 
susceptibility of both crops, especially sesame, to contam- 
ination by aflatoxigenic strains is low compared to other 
crops/foods (e.g. maize, nutmeg and mushrooms) from 
Nigeria that showed higher tox:atox proportions 
(Atehnkeng et al. 2008; Ezekiel et al. 2013a, 2013c). 

Table 4 shows the concentrations of aflatoxins produced 
by toxigenic isolates of A. flavus and A. parvisclerotigenus 
on NRDCA. Toxigenic A. flavus from fonio millet produced 
higher amounts (range = 233.2-692 ug/kg; mean = 
433.9 ug/kg) of B aflatoxins than those from sesame 
(range = 75.8-326.1 ug/kg; mean = 190.1 ug/kg). 
However, the levels of B aflatoxins produced by A. parvi- 
sclerotigenus from sesame was very high (mean = 601 .3 ug/ 
kg); therefore, increasing significantly the total B aflatoxin 
levels produced by toxigenic isolates of Aspergillus section 
Flavi from sesame than those from millet. The level of G 
aflatoxins (mean = 863.9 ug/kg) was higher than that of B 
aflatoxins. Minisclerotial species within the section Flavi 
have been reported to produce copious amounts of aflatox- 
ins, especially the G aflatoxins (Egel et al. 1994; Atehnkeng 
et al. 2008; Dormer et al. 2009), which is supported by the 
findings of the present study. 

Only 13 out of the 16 (81.3%) fonio millet samples 
had aflatoxin contamination and the concentrations ranged 
0.08-1.4 ug/kg, while none of the sesame samples had 
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Table 4. Levels of aflatoxins produced by aflatoxigenic species from fonio millet and sesame in Plateau State, Nigeria. 



Concentration (|ig/kg) of aflatoxins from toxigenic species 



Crops 



A. flavus 



B 



A. parvisclerotigenus 



B 



Total B 



Total G 



Fonio millet 



Sesame 



Range 
Mean 1 
Range 
Mean 1 



233.2-692.0 
433.9a 
75.8-326.1 
190.1b 



215.6-1011.2 
601.3 



363.2-1980.7 
863.9 



233.2-692.0 
433.9b 
75.8-1011.2 
597.1a 



363.2-1980.7 
863.9 



Note: Means with different alphabets in a column are significantly different (p < 0.05). 



aflatoxin contamination. Toxigenic strains that are able to 
form aflatoxins in vitro on NRDCA were present for both 
crops. However, aflatoxins were absent or present in small 
amounts (Ezekiel et al. 2012) and suggest that these crops 
are not suitable substrates for aflatoxin biosynthesis. 
Several factors such as environmental conditions (e.g. 
moisture and temperature), agronomic practices for crop 
production and post-harvest treatment of the grains (e.g. 
processing, drying and storage practices) are known to 
influence fungal development and secondary metabolite 
formation in agricultural products. In this study, grain 
size, presence of inhibitory compounds towards aflatoxin 
production and duration of storage may have played sig- 
nificant roles in the low aflatoxin levels found in both 
crops. It may be best to associate the finding under dis- 
cussion with mostly grain size, since it is observed that 
fonio millet is slightly bigger in size than sesame and had 
higher fungal contamination/load, incidence of toxigenic 
strains and aflatoxin content. A similar suggestion was 
given by Makun et al. (2013) who also found higher levels 
of ochratoxin A (OTA) in grains with larger sizes than 
acha and sesame. The presence of sesamin, a natural 
potent antifungal and anti-OTA chemical, in sesame may 
also have contributed to the absence of aflatoxins in this 
study as compared to the high levels of B and G aflatoxins 
produced on NRDCA. Mbah and Akueshi (2009) reported 
that only 20% of the 20 A. ^aviw-inoculated Sesamum 
indicum seeds had aflatoxin Bj content after 20 days of 
incubation; all other 40 inoculated samples of the same 
sesame species that were incubated for 10 and 15 days, as 
well as all 60 inoculated samples of S. rediatum incubated 
for 10, 15 and 20 days, did not show the presence of any 
aflatoxin. This further supports our finding that sesame is 
not a convenient substrate for aflatoxin production as 
previously suggested by Diedhiou et al. (2011). An addi- 
tional militating factor may have been the short duration 
(less than 30 days) of seed storage. 

Correlation studies 

No correlation was observed among the incidence of afla- 
toxigenic isolates from sesame, the aflatoxin concentration 



produced by the toxigenic isolates and the levels of afla- 
toxins in sesame, since none of the aflatoxins was detected 
in sesame grains. However, a positive (r = 0.70) signifi- 
cant (p = 0.02) correlation was observed between inci- 
dence of aflatoxigenic isolates from fonio millet and 
aflatoxin concentration in vivo, and significant (p = 0.03) 
inverse correlation (;- = -0.41) between incidence of atoxi- 
genic isolates and aflatoxins in the fonio millet. A signifi- 
cant (p = 0.02) inverse correlation (r = -0.55) was also 
observed between the levels of aflatoxins produced by 
toxigenic isolates on NRDCA and aflatoxins in fonio 
millet. The patterns obtained from the correlational study 
further confirms that though toxigenic isolates may be 
present among the community of Aspergillus colonizing 
sesame and fonio millet, their toxin potentials on these 
crops are reduced as compared to suitable media (e.g. 
NRDCA). The implication of this to consumer safety 
may be that both crops, and especially sesame, are most 
likely to be safe grains for consumption in Nigeria. With 
respect to aflatoxin contamination, no study has reported 
aflatoxin levels in both crops beyond the maximum toler- 
able limit of 20 (J.g/kg recommended for foods in Nigeria 
(Gbodi et al. 1986; Mbah and Akueshi 2009; Ezekiel et al. 
2012). Further studies may consider evaluating the corre- 
lation between in vitro toxigenicity of other fungal species 
and relevant mycotoxins in both crops, though very low 
levels of other mycotoxins were found (e.g. deoxynivale- 
nol, fumonisins and zearalenone) in both crops (Ezekiel 
et al. 2012). 



Conclusion 

This study has shown that fonio millet and sesame, grown 
and stored by farmers in Plateau State, Nigeria, are sus- 
ceptible to invasion and colonization by diverse moulds 
including aflatoxigenic isolates of Aspergillus. However, it 
is possible that aflatoxin contamination of both crops may 
not be a major issue, possibly due to grain size and natural 
inhibitory compounds in the grains. The major concern 
may be that of toxigenic isolate carry-over and distribution 
from these reservoir crops to other co-stored food 
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materials in farmers' store. Therefore, efforts in good 
storage and processing practices should be intensified as 
preventive measures against toxigenic strain dispersal. 
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